The article presents the results of the research from several years of exploitation of the vermiculture plots located in the municipal wastewater treatment plant in Zambrów. It is the only facility in Poland where the vermicompost from municipal sewage sludge has been produced continuously since 2004 (for 16 years). The results of tests of ready-made vermicomposts conducted regularly twice a year (32 tests) were subjected to a simple statistical analysis. The vermicompost analyses of heavy metals, biogenic compounds, organic matter and selected macroelements were compared with the requirements for mineral-organic fertilizers. In terms of the heavy metals content, the highest total content was observed in the first year of plots exploitation, i.e. in 2004, when it amounted to over 1200 mg -1 kg DM. The lowest sum content of heavy metals in vermicomposts, amounting to 398 mg -1 kg DM, was recorded in 2017. The median total content of heavy metals from all observations was 821 mg -1 kg DM. During the whole research period, the content of nutrients in vermicomposts was high, for nitrogen it ranged from 9.8 g -1 kg DM to 31.1 g -1 kg DM (median 14.3 g -1 kg DM), whereas for phosphorus it ranged from 2.1 g -1 kg DM to 14.5 g -1 kg DM (median 5.5 g -1 kg DM). The content of organic matter in the whole several-year study period was high and ranged from 21.3% DM to 59.0% DM (median 33.1% DM). The conducted research confirmed that the use of California earthworm in the process of municipal sewage sludge vermicomposting results in its good mineralization and humification, and the final product (vermicompost) may be a valuable mineral-organic fertilizer.
INTRODUCTION
Earthworms are organisms that participate in the circulation of organic matter in nature. Earthworms also increase the bioavailability of plant nutrients as well as ensure proper aeration and soil moisture. They play an important role in the ecosystem through their contribution to the water, carbon and nutrient cycle. Out of more than 8300 species, only a few earthworm species can be used in the process of industrial vermicomposting [Reynolds and Wetzel 2004] . In Europe, three species of earthworms are most commonly used in this process: Eisenia fetida, Eisenia andrei and Dendrobaena veneta. These three most popular species can be characterized by such features as short life cycle, high reproductive rate, low body weight and high resistance that helps them survive in hostile environment [Dominguez and Edwards 2011 ].
In the vermicomposting technology, the Eisenia foetita earthworm, the so-called California earthworm, is used most frequently. However, under real conditions it is difficult to speak of organic matter being processed by only one species, even if only one species was inoculated into the substrate. This species of earthworm was bred in the 1950s by scientists from California. This species lives near the surface, where the highest concentration of organic matter occurs. This allows for habitat retention and transformation of top-fed organic matter. The California earthworm is characterized by four times longer life span (up to 16 years) and twelve times higher fertility than the traditional soil-dwelling earthworms. California earthworms quickly process organic matter, can live at high density and are more resistant to temperature drops [Kostecka 1994 ]. A single earthworm can process several times as much organic matter as its own body weight every day.
A study by Kostecka shows that one ton of earthworm biomass can convert one ton of sludge into vermicompost within five days [Kostecka 1995 ]. Vermicomposting is a combination of traditional composting and the physiological activity of earthworms. The processing of sewage sludge takes place through the activity of microorganisms occurring in the organic matter and digestive tract of earthworms and the enzymes they produce. In their digestive tract, earthworms transform organic matter into an amorphous form with a high degree of humification. During the process, the forms of nitrogen, phosphorus, potassium and calcium which are easily absorbable by plants are produced [Konopska 2011 ].
The first documented studies on the use of the Eisenia fetida earthworm for the processing purpose date back to 1977 [Mitchell et al. 1977 ]. Among the many species of earthworms, there are also those that can transform specific types of organic waste such as solid waste from the paper industry, household waste and sewage sludge into The compost obtained during the intensive activity of farm earthworms (at high density) in organic waste is called vermicompost (also called earthworm compost, biohumus or simply earthworm fertilizer). Unlike traditionally produced compost, vermicompost has very valuable properties, which are largely dependent on the composition of the nutrient, the density of the culture, the amount of time earthworms stay in the food layers [Kostecka 1997 , Walkowiak 2007 ]. Vermicompost is a very good natural fertilizer. The quality of the created vermicompost depends mainly on the initial composition, the content of pollutants and performed maintenance [Boruszko 2016 , Bożym 2012 .
Vermicopost is rich in most of the nutrients available directly to plants. These include nitrates, phosphates, calcium, potassium and magnesium. Vermicompost contains significant amounts of humic substances and microorganisms such as fungi, bacteria and actinomycetes. In contrast to the substrate from which it is produced, the finished fertiliser contains less lead, cadmium and zinc. Hazardous heavy metal compounds take the form of complexes of these metals that are difficult to absorb by plants.
The produced biohumus is extremely effective in gardening. It is a valuable addition to the plant substrate. It can be used for most garden and agricultural plants. When used as a soil additive, it creates a perfect substrate for domestic plants; when mixed with water, it is suitable for watering lawns, and when scattered, it supports their growth and maintenance [Konopska 2011 ].
Vermiculture can be applied in a wide variety of ways [Mitchell et al. 1977 • production of high-quality fertilizer (vermicompost) from organic matter, used on large areas of crops as a supplement to mineral fertilization and as the only fertilizer for small garden crops, • production of feed for farm animals (e.g. fish, poultry, pigs), • capturing of e.g. heavy metals from degraded soils, • obtaining the compounds used in the cosmetics industry, medicine and pharmacy from earthworm bodies.
Vermiculture plays an extremely important role in the soil biology. In addition to the conversion of organic matter into fertiliser, the earthworm population participates in the soil-forming processes. It influences the development, formation and physical properties of these processes.
FIELD OF STUDY AND EXPERIMENTAL METHODS
The Zambrów municipal wastewater treatment plant is the only one in Poland that uses only natural methods to process sewage sludge. During the vegetation season, i.e. from March to October, the sewage sludge generated during the wastewater treatment is processed in reed lagoons and vermicompost plots. The process of composting with the use of Eisenia fetida earthworms started in 2003. The first vermicompost was obtained in 2004 and since then the research has been carried out continuously. In order to ensure optimal vermicomposting conditions, among other things, a layer of 15-20 cm of sawdust is applied to the bottom of the plots to ensure a proper C/N ratio, which is then filled with sewage sludge that is initially thickened in the lagoon during the winter season. Sedimentary plots currently occupy an area of approximately 10 000 m 2 and are divided into several tens of plots divided by so-called "dens" to which earthworms migrate after processing during the growing season of sewage sludge. The wastewater treatment plant in Zambrów produces about 600 tons of sewage sludge annually, of which about 40% is directed to vermicomposting plots.
The research on ready-made vermicompost was conducted in the period of 16 
RESULTS AND DISCUSSION
The results of the research on the vermicompost produced over 16 years in treatment plant in Zambrów were presented below in figures. The results of vermicompost tests obtained in the period of 16 years of research were statistically processed with the Statistica program. Figure 1 shows the results of the research concerning the content of heavy metals in vermicompost (median, min. and max. 25-75% percent).
The results of the tests concerning the content of heavy metals in vermicomposts in the years 2004-2019 show high variability and dispersion of the recorded content individually for particular elements. The lowest content in vermicompost was recorded for two microelements, i.e. mercury from 0.25 mg -1 kg DM to 1.09 mg -1 kg DM (median 0.71 mg -1 kg DM) and cadmium from 1.06 mg -1 kg DM to 3.50 mg -1 kg DM (median 1.88 mg -1 kg DM). In vermicompost, zinc was the most abundant in the range from 301 mg -1 kg DM to 983 mg -1 kg DM (median 645 mg -1 kg DM). Zinc was also the element which was characterized by the highest dispersion and variability of its content in vermicompost during the 16 years of research. Chromium was the most stable element; its content in vermicompost was characterized by the smallest dispersion. The total content of the analyzed heavy metals was the highest in 2004 and reached over 1200 mg -1 kg of dry mss, whereas the lowest content was analyzed in 2017 at 398 mg -1 kg DM (median 821 mg -1 kg DM). The content of heavy metals in vermicompost was significantly lower in the whole period of research in relation to the legal regulations in force in Poland concerning the municipal sewage sludge used for agricultural purposes and for mineral-organic fertilizers. Figures 2 and 3 present the research results for selected macroelements and fertilizing elements as well as vermicompost weight analysis in particular years.
Vermicomposting is one of the low-cost methods for processing the sewage sludge to produce a high-quality product for use in agriculture [Riggle D et al. 1994 ]. The test results analysis of vermicompost from the wastewater treatment plant in Zambrów concerning macroelements allows us to conclude that their content is relatively high. Among the examined vermicompost, nitrogen from 9.8 to 9.8 g -1 kg DM to 31.1 g -1 kg DM (median 14.3 g -1 kg DM) and calcium from 8.5 g -1 kg DM to 40.8 g -1 kg DM (median 17.6 g -1 kg DM) were found in the highest amounts. Phosphorus from 2.1 g -1 kg DM to 14.5 g -1 kg DM (median 5.5 g -1 kg DM) and magnesium from 1.0 g -1 kg DM to 5.2 g -1 kg DM (median 4.8 g -1 kg DM) were found in smaller amounts. Magnesium was the most stable in the period of 16 years, whereas calcium was the most variable macroelement in vermicompost. Similarly, the content of organic matter and dry matter in the studied vermicompost was characterized by high variability during the study period. Organic matter ranged from 21.3% DM to 59.0% DM (median 33.1% DM), while the dry matter content ranged from 36.0% to 62.1% (median 49.1% ). Ph of vermicomposts varied from 5.07 to 7.02.
The microbiological and parasitological control of vermicompost was also carried out throughout the whole research period. There was no presence of Salmonella bacteria and live eggs of intestinal parasites: Ascaris sp., Trichuris sp., Toxocara sp. The absence of pathogenic microorganisms and invasive eggs in vermicompost from sewage sludge is also confirmed by other studies [Brown A. B et al. 1981 Boruszko and Butarewicz 2015].
The vermicomposting process may constitute an interesting alternative for the existing waste treatment strategies, mostly for small municipalities. This aerobic process of decomposition of organic matter, in which earthworms cooperate with microorganisms can lead to an important The research on the quality of vermicompost from municipal sewage sludge, which has been conducted for several years, is of significant importance for its agricultural use, not only in the region of north-eastern Poland. The initial population of the Eisenia fetida earthworm, which was inoculated into the vermicompost plots in 2003, significantly changes the composition and properties of sewage sludge at the Zambrów wastewater treatment plant. The results of the research on the vermicompost from the Zambrów wastewater treatment plant from the whole research period enable to classify it as mineral-organic fertilizer. The application of concentrated earthworm populations in the processing of municipal sewage sludge into good quality vermicompost may play an important role in the recycling of sludge into the environment [Kacprzak 1994, Hatanaka 1983 ].
The use of California earthworms in the processing of municipal sewage sludge is also important for the accumulation of heavy metals in their bodies [Neuhauser et al. 1994 , Rorat et al. 2015 . The manner and amount of accumulation of individual microelements depends on many factors, including the species of earthworm and its metabolic differences [Morgan and Morgan 1992] . Numerous studies also confirm that earthworms are considered an important factor in the biodegradation of many other hazardous and spe- 
CONCLUSIONS
The conducted research on low-input methods of sewage sludge treatment in the vermicomposting process has resulted in the following achievements and practical conclusions:
• The conducted research allows to unequivocally state that the sewage sludge processed in the process of vermicomposting during the whole period of research, i.e. 16 ] on the basis of which the verification for natural application is carried out, the vermicompost produced in the conducted research had concentrations definitely below the permissible limit values specified in the aforementioned Regulation. The heavy metal content was also significantly lower than the limit values specified in the Regulation of the Minister of Agriculture and Rural Development on the use of certain 
